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This is the first occasion at lqhich I have been invited to attend a meeting of 
this kind. It is also a twenty-fourth anniversary of another occasicn wnen I ~2s a 

young medical student attending my first scientific conference. This was a--~ 
international meeting,tLt Cold Spring Harbor, near New York, aJid it could be truly 
labelled as the.birthdate of a new scientific field, the genetics of bacteria and of. 
viruses. Xy first published lcrork was presented at that meeting and it concerned the 
discovery, contrary to decades of previous supposition to the contrary, that 
bacteria were indeed-possessed of a mechanism like sexual reproduction which made it 
-possible to crossbreed different bacterial strains. These observations, together 
r;tith related ones by mxiy other colleagues have gone into the emergence of the most 
powerful of new methods and insights in-eqerimental biolog-, going generally under 
the name of molecular biology. 

Fxm the very beginning it :.ras inescapable to me that these new approaches for 
the Iunderstanding a?d manipKLation of living: organisms had po'-ential implications for 
human progress of very great significance. Cn the one hand molecular biolo_gy could :. 
increase man's ,knob&dge about himself and lead to revolutionary changes in medicine 
in such fields as csncer, aging- congenital disease, and virus infections. It might 
also play a vital role in industr~r and in agriculture, On the other side it might 
be exploited for military purposes and eventuate in a biological Tieapons race whose 
aim could :.rell beccme the most efficient means for removing man from the planet. LS 

a student of evolution, and having studied it in t!le microcosmos :,iith bacterial 
xltures~ I knew that man had no guaranteed place on our earth, 'He has faced and 
continues to .face natural disasters like the infesta-tions that have'kriped o-at the 
imericm chestnut and the European grapevine. To these long-standing threats would 
no!,! be added new ones, poten5ially of our Om iIlVS;ItiOn. 
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These past t:.rent.y-five years, ir t,!iiz ::-:--:3 of l.&ich the world comizunity has 
reached a certain degree of familieritv L:!itI: the oroblems of nuclear pol..w, and has 
undertaken some of the steps needed to contain it as a servant for rather than 
against tixnan aims, have seen a sustained, remarkable development or" molecular 
biology. Zor example, Professor Gobind Khorana recently reported the synthetic 
assembly of a small gene through chemical operations cn DMA components. It l!ili be 

a step of another order of magnitude to extend this technical capabilit;: to the 
synthesis of small viruses, but this surely 5.611 be accomplished within the next 
decade. This procedure 1,511 allo\< an u&imite d range of experimental variations of 
the genetic structure of different viruses, a process Aich has many importarlt 

potential applications for human he$Lth. It also offers us the prospect of 
engineering the design of viruses to exquisite detail. dccc)mp] i slrr:wil tr, 1 <k-c Kll,rl-,in-: ' 2 

have been possible in a sms.l.I. I.&oratory on an mual rescci.,.h blldget rAich is miniscule 
compared to weapons hsrdr,:a.ra. A serious rnjll it.3~;, j.l,vesLment in this 8rea collld be 

expected to outstrip this alre;idy breathtaking pace of advance by many fold. 
I could mention many other intriguing scientific advances frcm my ~1~1 work and 

t,hat of others, and fear only that my enthusiasm in discussing these details might 
outrun yo-a patiencle in hearing about them. I ~~111 be glad -to engage later in 

. 
informal discussions on any aspect of molecL:lar biology that may be of interest to you. 

I i.till just mention the discoveries of three methods of modifying the genetic structure 

of microbes: (1) cross-breeding them throug'~ :-tiat is, essentially, se37Ja.l 

reproduction; (2) inserting new genes carl?.eu by a virus, a pocass called 

"tr,lyisduction" , and (3) direct manipl_ilation of DM as a chenic,$L substance, and 

reintroducing this into microbial cells. 
I deeply appreciate the gravity and importanca of the srork of this Committee. 

Its principal significance is, of co?rse, for the sewrity of all t'ne people of the 

\:orld; and to that it is only a sm,, qll addition to mention my own morel pra-occupation 

with whether ,my olwrll career A.11 have been labelled a blessing or a curse to the 
humanity from r&hich I spring. This comzaent may have more force if I offer it as not 

0dJ- a. personal testimony but as tTypica1 of the dilemma that faces my entire generation 

of biological research scientists s& our younger students at this ver;- moment. I 3X 

therefore many times indebted to ysu not only for yew present labours but also for 
~~ayinc offered me the -privilege of' a mDre personai patictpaticr. in a process that ms>' 

yet result in ':ci-filieip,gfl this brggL,zh of szj,egce. 
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For present purposes l+e mi@.t think o.? z  toxin as 2. chenicl;l substance :xi;ich 
wauld be xtinor-.in tc science s;;ce;3t for its association r.;ith mlcrobizl groT:r:h and one 

which 'has an extraordinarily high lethality per unit weight. 14zliJT toxins 233 nerve 
poisans, resembling the nerve gxes in their effzet on the body, but ilo2r more potent. 
For ex.xq~le, ihe leth31 doze of botrilinus toxin is abo-II.6 one l,;illioath cl 2 gTa?2l. 
This meaxs that o:le could e~.sil~~ Carry in a despa.t& c,z,se a qxantity cf toxin si3fficj.ent c  
to :ri;3e out k’he h~;lnn po@-ation, although the image :.lould &ply that the h~r?.z~ herd 
!K~ll7 iI 1 ins U.p fO2 the s-l,:?.q#ter. The very high pOtOi;C~ of such to::ins is certainly 
j IGC:;Or in t1lej.r miliknry po ts!it,ia.l bl.Lt may even be o.&~~ej.g&3 by other considerations, 
like the q~3r;~sii.7i:li1;y of specilic bmilliiz;;b io;l of :m aggressor fOi*Cc Oi' po?ulatizn. 

3$ f$ .;: f> -:$ 

%ven aft,er ogrc37sn-t to eljmin&e '~jn'lo~ir71 I..;cnpo.qs, we l..fill. s-l- ril7 ikimxill very 
vulnerable to a form of i-JiolnLir-$1 rrnrP=-e vhlch is L_leynld t-kf? l.eaeh 0I” any covenant 
that we czri make. This is the ;xzfare pi.aci.i sod upon us by nature, the w-zesitting 
ban-age of infection by old and by ner: agents that still constitute c  veq larg;e part 
of the perils to normal and healthy life. 

Ke have all had vexing, perhaps even trcgic, personal eqzriences :;ith virus 
infections. You xii!_ all reczli the global epidemic of influenza that 1~s first 
identified in Hong Kcng about three years ago. This :ra:; not a particulsrly severe 
fox of the virus and its event-Llal mortality IES probably only in the tens of 

thousands. It is r~zong, hoxever, to be:iievo that there is an>? z.ssur~nc,~~ that t.he nex? 
epidemic of' this kind r!iii 7;~ ~3 ~Fld; knd ; -(; h2;s-0 still de-~elcped only the most 

feeble and precarious protection against this threat rdlose jmpact is shared by all the 
nations, but against which very little cw~~~ol'.io‘;, kfence h~".s 3een erected. 

'YGJJ ~111 also recall having re2.d from tire to t&e abo:A smaJ.2 outbrc&s of 

mysterious new diseases like "Lass:‘-. fsvera' ar_ti the "Fiz'w~ virus". These xere bot'n 

e>Arec:elg dangerous threat:;; an& -.,Clile much credit mxs'i be siven to the di.ll,sence of 

the 2edic:i.l people ~310 dealt !iii;h tll?e 9:&brezkz, a 13r~;e elenen-t of pxe luck was 
invslved in lcc,dizing t!iese incident 3. Ye m,,;.r;t expect that t:.lere ae mL;n:y additional 

viruses already inii~snous to ;Ir&.te T?r_d himal pogul~tf.oi~s i;l primitive aTeas axd to 

t~l?lcll the inhabitants of advanc& countries cre e:iLTeinelq vulnerable. 

Yeilou fever is a historically i;n?ort?ant ‘.jise-.;e T:Jli,iC]l noI:J ‘Celon;.;Fj ii1 the S&Fle 






